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PREFACE 

This report contains ~ summary of the data compiled during the 
evaluation of the test compound. The report is organized to present 
the results in a concise and easily interpretable manner. The 
first part contains items I - IX. Items I - IV provide sponsor and 
compound identification information, type of assay, and the assay 
design reference number. All assay design referen~e~ 1~dicate a 
standard procedure described in the Litton Bionetics, Inc. "Screen~ng 
Program for the Identification of Potential Mutagens and Carcinogens." 
Item V provides the initiation and completion dates for the study, 
and Item VI provides identification of supervisory personnel. Item 
VII ident i fies the tables and figures containing the data used by 
the study director in interpreting the test results. The interpreta
tion itself is in Item VIII. Item IX provides the conclusion and 
evaluation. 

The second part of the report, entitled Assay Design~ describes the 
materials and procedures employed in conducting the assay. This 
part of the report also conta i ns evaluation criteria used by the 
study director. ~ nd any appendices. The evaluation criteria are in
cluded to acquaint the ~ponsor with the methods used to develop and 
analyze the test results . 

All test and control results presented in this report are supported 
by fully documented ra~ data which are permanently maintained in 
the files of the Department of Genetics and Cell Biology or in the 
archives of Litton Bionetics, ·rnc., 5516 Nicholscn lane, Kensington 
Maryland, 20795. 

Copies of raw data will be supplied to the sponsor upon request. 
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I. SPONSOR: W. R. Grace and Corupany 

II. MATERIAL (TEST COMPOUND): GENETICS ASSAY NO. : 5123A 

A. Identification: FHP 3000 HD, Liquid Prepolymer 

B. Date Received: May 15, 1980 (fir~t batch, 5123); August 5, 
1980 (second batch, 5123AJ 

C. Physical Description: Viscous pale yellow liquid 

III. TYPE OF ASSAY: Mouse Lymphoma Forward Mutation Assay 

IV . ASSAY DESIGN NUMBER: 431 

V. STUDY DATES: 

A. Initiation: May 21, 1980 

B. Completion: September 22, 1980 

VI. SUPERVISORY PERSONNEL: 

A. Study uirector: Brian C. Myhr, Ph.D. 

B. Laboratory Supervisor: Jane Fisher 

VI I. RESULTS: 

The data are presented in Table 1 on page 4. 

VIII. INTERPRETATION OF RESULTS: 

[8 
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The test materia1, HIP 3000 HD, Liquid Prepolymer, was i1m1iscible 
with deionized water at 100 ~1/ml but dissolved in dimethylsulfoxide 
(DMSO} at concentrations at least as high as 400 ~1/ml. DMSO was 
chosen as the vehicle for the study and stock solutions were 
prepared just prior to each testing purpose by serial dilutions 
in DMSO. Treatments were initiated by diluting the stocks 1:100 
into tubes of culture medium containing the cells. The test 
material precip"ltated in the culture medium for concentrat·lons 
exceeding about 20-30 nl/ml. Increasing cloudiness with droplets 
of white liquid and fine white solid material ~'ere observed as 
the concentration was increased; large amounts of polymerized 
solid wer-e obtai1,ed at 2500 nl/ml and higher r.oncentrations. 

The preliminary cytotoxicity test was performed over the 
concentration range of 1000 nl/ml to 1.95 nl/ml. Essentially 
no toxicity to cell growth was observed twenty-four hours after 
the treatments. Thus, in an 1ttempt to achieve some toxicity 
and extend the assay to excessive concentr~tions, a series of 
applied '-Oncentrations up to 4000 nl/ml (4 !Jl/ml) was used in the 
subsequent mutation assays. 

BIONETICS 



VIII. INTERPRETATION OF RESULTS (continued): 
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Four trials of the mutation assay were initiated. T•.e first two 
were terminated prior to the collection of any mutation data 
because of incubator over-heating and contamination with yeast. 
The third trial was unacceptable because the positive controls 
failed to induce mutant frequenc1es that were even close to the 
minimum acceptable values. No evidence for mutagenesis by the 
test material was obtained for concentrations up to 4000 nl/1'11, 
with or without 59 metabolic activation. The toxicities of 
treatment were erratic and varied from no observable €ffect at 
the highest assayed dose (4600 nl/ml) to high toxicity at 2000 
nl/ml. These results suggested an applied ~oncentration range 
of 4000 nl/ml to 125 nl/ml for the fourth trial. The results 
of this trial are presented in Table 1. 

Under nonactivation conditions, the test material did not induce 
a dose-related increase in the ml ~ tant frequency, ~ppl ied con
centrations from 4000 nl/ml to ?.000 nl/ml were chos~n for 

. completion of the assay, and variable toxicity was observed in 
this range. Tr·eatments with 2500 nl/ml and 4000 nl/ml were highly 
toxic (about 12% relative growth), whereas moderate toxicity was 
obtained for the other treatments. Only the two highly toxic 
treatments resulted in an apparent increase in mutant f requency 
that just exceeded the minimum criterion of 29.7 x 10 used to 
indicate mutagenesis. The largest increase was 2.6-fold over 
the background (average solvent and untreated control value). 
However, particulate material (probabiy ~ieces of polymer"ized 
test material carried through the assay) was present in the 
mutant selection dishes and contributed to the counts obtair.ed 
for mutant colonies. The observed increases were too small to 
normally be regar1ed as sufficient evidence for weak mutagenic 
a~tivity, and if the particle counts could have been subtracted, 
no significant increases would have been observed. The apparent 
correlation with high toxicity was considered to be circumstantial, 
since similar increases observed with 59 activation were not 
correlated with toxicity , 

In the presence of the S9 3Ctivation mix, no substantial shift in 
behavior was observed. The minimum criterion for indicating muta
genesis by a given treatment in this portion of the assay was a 
mutant frequency greater than 78.4 x 10-6. Two treatments, 20(J0 
nl/ml and 3500 nl/ml, appeared to cause elevated mutant frequencies 
that ~ere about 2 times the background value. Beth treatments were 
moderately toxic and no correlation was observed between toxicity 
and mutant frequency among all the treatments. The llbser\H!d in
creases therefore provided insufficient evidence for a mutagenic 
response and were probably caused by larger amounts of particulate 
test material in the mutant selection dishes. If these counts could 

BIONETICS 
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VIII. INTER~RETATION OF RESULTS: (continuel'i) 

have been subtracted, no s~gnificant increases would have been obtained. 
Thus, the presence CJf the S9 activation mix had no ap~ar£nt effect on 
the test matl;!rial toxicity and did not result in the detection of any 
mutagenic products. 

The average cloning efficiencies for . the negative controls varied from 
91% without activation to 65% with activation, which demonstrated good
to-sufficient culturing conditions for the ~ssay. The negative control 
r~tant frequencies were all in the nonma1 range, and th~ po~itive 
control compounds induced normal mutant frequencies that were gre;Jtly 
in excess of the backgrounds. 

IX. CONCLUSIONS: 

[8 
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"fhe test mater·ial, FHP 3000 HD, Liquid Prepolymer, did not induce 
significant increases in the mutant frequency at the TK locus in L5178Y 
mouse lymphoma cells. Concentrations up to 4000 nl/ml were a~sayed 
with and wjthout rat liver S9 metabolic activation, and variable toxi
city from moderate to high was observed. Small increJses in mutant 
frequency were not dose-related and were caused by inadvertent counting 
of particulate test material. Therefo~e. the test material was con
sidered to be inactive in the Mouse Lymphoma Fon , l Mutation Assay. 

BIONETICS 

Submitted by: 

Study Director: 

~c~ Brian C. Myhr,~ 
I o /. 2 r/ ~ o 
Date 

Section Chief 
Mammalian Genetics 
Department of Genetics 
and Cell Biology 

Re,ti ewed by: 

~~. ~ Pi~,~,/I'D 
D v1d J. Brusi~k. Ph.D. Date 
irector 

Department of Gene .. ics 
and Cell Biology 

3 



• L SUI'I'tOLOL1U!US£ U .. .t!.2M-iL~JUU-RUJlJ.ll TABLE 1 

a. NAME OR CODE DESIGNATION OF THE TEST COM~OUND: LIQUID PREPOLYME~ FHP 300~ HD 11601~10 

a. LBI CODE 1: 5123A 
c. SOLVENT: DIMETHYL SULFOXI&E 
D. JEST DATE: 09/10/80 

RELATIVE R£lllJWE 
SUSPENSION TOTAL TOTAL CLOIIIIIIi 
GROWTH Cl MilANI VUBL£ £fFICIEiiiCY 

!W SOU!ltt TlSSU£ _lt(11SI"L X lOE~J !!Lill!.!!.2ll tJ.J)~ C~ Cl Clf COIIIHL.l 

.O .. ACJlU.ll.J! 

SOU£11T C ONJR OL --- --- Ui.1 18.0 100.0 lt>.C 243.1 ..... 
SOLVUJ CQNJRCL --- -- l1e'J 15.3 too.o !0.1 336.1 101.1 
u•TIIEATED CONTROL --- --- 14 .'J 15.1 1'9.8 )8.0 242.1 83.6 
[II$ .5 UL/Ml --- --·- 6.5 14· 3 33.0 5 O'J.O 84. a 29.1 
JUT CO .. POUNO 

21DieDOI NL/Ml --- -- 8.1 15.7 44.6 "t**45el 16'5.1 57.~ 

2500.000 NL/ML --- --- 8.2 8.4 24.4 **'"' 4'J .. O 146.0 '51.4 
3DDO.OOO Nl/ML --- --- 10.2 10.5 38.0 "'**48.0 t'Jo.a 6'5.6 
3'500.000 Nl/ML --- --- 12.6 1le7 52.3 ***54.0 221.0 J6.l 
.aao.ooo NL/ML --- --- 7.8 6.1 16.9 .. 68.0 212· 0 13.2 

ICTIWAIIQJ 

SOUUT CONTROL RAT LIVER '·" u •• J uo.o 82.5 224.1 111.1 

!CK.Y£1111 COIIIRCL R'\T liVER 7.1 13.5 1oo.o 78.0 178.0 uo.1 

UNTREATED CONTROL RAT LIVER 6.1 13.5 u •• 1 102.0 181.0 91.1 

Ollt• .3 UL/ML RAJ llVEfi 5 .. '5 8. 0 40.7 8o.ot 21.1 l0e4 

JEST co,.ou•o 
2010.111 Nl/ML UT LIVER ;.! .. 1 8·2 22·1 *** 1lleD 191.0 ••• '5 
2510.001 NL/ftl. RAJ LIVER '5 . ~ 11.6 '54.7 ... 82.1 119.1 . .... 
~001.; •000 NL/ML RAT LIVER 5.5 'J.J 4'J.3 *** l8.o+ 156.0 lle6 
3501 • 800 NL/ML RAJ LIVER 6.0 14.8 82.0 *** 1u.o+ 1s2.at ''·' 4000.000 tiLIM. RAT LIVER 4.6 12.4 52.1 ..... 115.0 203.0 111.1 

• CIELAIIVE SUSPENSION &aOWTH I R£LATIVE tlONIN6 EffiCIENCY) I 100 
•• THE RATIO OF CELLS SEEDED FOR "UTANT SELECTION TO CELLS SEEDED FOR CLONI~S EFFICIENCY IS IIE•4• 

THEREFOR£ THE MUTANT FIIE8UENCY IS! CJOJAL MUTANT CL~ES/JOTAL VIABLE CL~ESI•11E-4e 
THE MUTANT FREQUENCY IS GIVEN IN UNITS OF 10E-'· 

~ 

+ (WE PLAT£ cOrrAMINAT£Di Y"LUE BASED ()I REMAINING TWO PLATES. 
*M PRESENCE OF ~RECIPITAT£ IlfT£RFERED WITH COtJCTER. 

P£1CEIIT "UT lilT 
II£UTIVE FIIEIUEIICY .. 
UOWTH• 

no.a 1' .. 1 
toO. I ••• 66el l5el 

9.6 616.1 

2'5.4 21.5 
l2e3 . 33.6 
24.9 2'5.5 
39.9 ·~-· 12.4 l2el 

uo.a 36.6 
uo.1 4lel 
68.5 '56 •• 
•• 2 lllel 

u.s 95.1 
'51 •• ., .. 
38.3 '51 eO 
62.~ n~• 
Ill.:.: !56.1 



ASSAY DESIGN (.NO •. _431 ). _ 

1. OBJECTIVE 

T~e objective of th i s study is to evaluate the test material for its 
ability to induce forward mutation in the L5178Y 'fK+/- mouse lymphoma 
cell line, as as essed by colony growth in the presence of 5-bromo-2'
deo~yuridine (BrdU) or 5-trifluorothymidine (TFT). 

2. RATIONALE 

Thymidine kinase (TK) is a cellular enzyme that allows cells to salvage 
thymidine from the surrounding medium for use in DNA synthesis. If a 
thymidine analog such as BrdU is included in the growth medium, the 
analog will be phosphorylated via the TK pathway and be incorporated 
into DNA, eventually resulting in cellular death . Cells which are hetero
zygous at the TK locus (TK+/-) may undergo a single step forward mutation 
to the TK -/- genotype in which l~ttle or no TK activity remains. Such 
mutants are ·as Vlable as the heterczygotes in normal medium because DNA 
synthesis proceeds by de novo synthetic pathways that do not involve 
thymidine a~ an intermediate. The basis for selection of the TK-/
mutants is the lack of any ability to utilize toxic analogs of thymidine, 
which enables only the TK-/- mutants to grow in the presence of BrdU. 
Cells which gr0\"1 to form colonies in the presence of BrdU are therefore 
assumed to have mutated, either spontaneously or by the action of a test 
substance, to the TK-/- genotype. 

3. MATERIALS 

A. Indicator Cells 

The mouse lymphoma cell line, L5178Y TK+/-, usee in this assay is 
derived from the Fischer L5178Y line of Dr. Donald Clive. Stocks 
are maintained in liquid nitrogen and laboratory cu;tures are period
ically checked for the absence of mycoplasma contamination by 
culturing methods. To reduce the negative control frequency (spon
taneous frequency) of TK-/ - mutants to as low level as possible, cell 
cultures are exposed to conditions which select against the TK-/
p:lenotype (exposure to methotrexate) and are then returned to norma 1 
growth medium for three or more days before use. 

B. Media 

The cells are maintained in Fischer's mouse leukemia medium supple
mented wi t h L-glutamine, sodium pyruvate, and horse serum (10% by 
volume). Cloning medium c~nsists of the preceding growth medium 
with the addition of agar to a final concentration of 0.35% to achieve 
a semisolid ~ tate. Selection medium is cloning medium containing 
100 ~g/ml of BrdU or 3 ~g/ml of TFT. 

BIONETICS 



J. MATERIALS (continued) 

C. Control Compounds 

1. Negative Controls 

A negative control consisting of assay procedures pe1·fonned 
on untreated cells is perfonned in all cases. If the test 
compound is not soluble in growth medium, an organic solvent 

~... (normally DMSO) is used; the final concentration of solvent 
in the growth medium will be 1% or less. Cells exposed to 
solvent in the medium are also assayed as the solvent negative 
central to determine any effects on survival or mutation caused 
by the solvent alone. For test substances assayed with activa
tion, the untreated and solvent negative controls will include 
the activation mixture. 

2. Positive Controls 

Ethylmethane sulfonate (EMS) is highly mutagen·ic via alkylation 
of cellular DNA and will be used at 0.5 ~1/ml as a positive 
control for nonactivation studies. 

Dimethylnitrosamine (DMN) requires metabolic activation by 
microsomal enzymes to become mutagenic and will be used at 
0.3 ~1/ml as a positive control for assays performed with acti
vation. 

D. Sample Forms 

Solid materials are dissolved in growth medium, if possible, or in 
DMSO, unless anothe~ solvent is requested . Liquids are tested by 
direct addition to the test system at predetermined concentrations or 
fo1lowing dilution in a suitable solvent. 

4. EXPERIMENTAL DESIGN 

[8 
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A. Dosage Selection (Cytotoxicity testing) 

The solubil1ty of the test chemical in growth medium and/or OtlSO is 
first determined. Then a wide range of chemical concentrations is 
tested for cytotoxicity, starting wi t h a maximum applied dose of 10 
m~/ml for test chemicals soluble in media or 1 mg/ml for solutions in 
organic solvents. After an exposure time of four hours, the cells are 
washed and a viable cell count is obtained the next day. Relative 
cytotoxicities expressed as the reduction in growth compared to the 
growth of untreated cells are used to select seven to ten doses that 
cover the range from 0 to 50-90% reduction in 24-hour growth. These 
selected doses are subsequently 'pplied to cell cultures prepared 
for mutagenicity testing, but only four or five of the doses will be 
carried through the mutant selection process. This procedure compen
sates for daily variations in cellular cytotoxicity and ensures the 
choice of four or five doses spaced from 0 to 50-90~ reduction in 
cell growth. 

BIONETICS 
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B. Mutagenicity Testing 

\. Nonactivation Assay 

The procedure used is based on that reported by Clive and 
Spector (1975} and .is sumnarized as follows. Cultures ex
posed to the test chenical for four hours at the preselected 
dosP.s are washed and placed in growth medium for two or three 
days to allow recovery, growth and expression of the induced 
TK-/- phenotype. Cell counts &re determined daily and appro
priate dilutions are made to allow optimal growth rates. 

At the end of the expression period, 3 x 106 cells for each 
selected dose are seeded in soft agar plates with sel ection 
medium and resistant (mutant) colonies are counted after 10 days 
incubation. To determine the actual number of cells capab·le of 
forming colonies, a portion of the cell suspension is also 
cloned in normal medium (nonselective). The ratio of resistant 
colonies to total viable cell number is the mutant frequency. 

A detailed flow diagram for the mutation assay is pro~ided in 
Figure 1. 

2. Ar.tivation Assay 

The activation assay can be run concurrently with the nonactiva
tion assay. The only difference is the addition of the S9 
fraction of rat liver homogenate and necessary cofactors (CORE) 
dur·ing the four-hour treatment period. CORE consists of NADP 
(sodium salt) and isocitric acid. The final concentrations of 
the activation system components in the cell suspension are: 
2.4 mg NADP/ml; 4.5 mg isocitric acid/ml; and 50 ~1 S9/ml . 

3. S9 Homogena t e 

A ~,000 x ~supernatant prepared from Fisc~er 344 adult male 
rat liver induced by Aroclor 1254 (described by Ames et al., 
1975) is purchased from Bionetics laboratory Products, 
litton .Bionetics, Inc. and used in this assay. 

BIONETICS 



5. ~EPORT 

The screened uoses, cell counts, and mutant and viable colony counts 
will be entered into a computer program. The results are analyzed and 
printeu. 

6. REFERENCE 

rn 
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ClivP, D. and Spector, J.F.S.: Laboratory procedure for assessing 
speci · ~ l ocus mutations at the TK locus in cultured L5178Y mouse lym
phoma cells. Mutt-don Res., n_:l7~29, 1975. 
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Assay tube (volume= 10 ml) 

Cell density adjusted to 3 x 106 cells/lube 

10 ml J 1 : 10 

8 

/BrdU or TFT (selecls lor mulanla(• 

flask (original volume = 80 ml} 

3-~ 106 ce,.s 

flask 

~I 
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1 x 1o8 cella/plate (33VJ ml) 

Colonies = muhUIIt 

1:1~ 
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1:iQ--... 

Dilutions 

• Added l!fter removal of 1 ml for viable count dilutions. 

---Agar 

D tube (9 ml) 

~I 
1:iij()--... 

1 

(add 10.0 ml 
per flask) 

VC flask (original 
voiume = 90 ml) 
(vlaole count) 

3 x 1o2 cells 
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II ask 

1 x 102 cells/plate (33V3 ml) 
Colonies= viable cells 

FIGURE 1. LYMPHOMA CLONING FlOW CHART 
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ASSAY ACCEPTANCE CRITERIA 

An assay will normally be cor.sidered acceptable for evaluation of 
the test results oniy if al1 of the criteria given below are satisfied. 
The activation and nonactivation portions of the mutation assays are 
usually performed cohcurrently, but each portion is in fact an inde
pendent assay with its own positive and negative controls. The acti
vation or nonactivation assays will be repeated independently, as 
needed, to satisfy the acceptance and evaluat ion criteria. 

1) The average absolute cloning efficiency of the negative controls 
(average of the solvent and untre~ted controls) should be between 
70% and 130%. A value greater than 100% is possible because of errors 
in ce) l counts (vsually t 10%) and cell division during unavoidable 
delays between the counting and cloning of many cell cultures. Cloning 
efficienci~s below 70% do not necessarily indicate substandard r.ulture 
conditions or unhealthy cells. Assay variables can lead to artificially 
low cloning efficie11cies in the range of 50% to 70% and still yield 
internally consistent and valid results. Assays with cloning efficiencies 
in this range are conditionally acceptable and dependent on the scientific 
judgement of the study director. All as ~ays below 50% cl oni ng efficiency 
re unacceptable. 

2) The solvent and untreated negative controls normally have the same 
growth rates and cloning efficiencies within experimental error. An 
unusual effect by the solvent therefore indicates an abnormal cell 
state or ex~essive amou~t of solvent in the growth medium. An a .ay 
will be unacceptable if the average percent relative growth of t~e 
solvent controls is 1ess than about 70% of the untreated control valu~. 

3) The average negative control suspension growth factor should not be 
less than about 12. The optimal value is 25, which corresponds to 
o- fold inc~eases in cell number for each of the two days following 
treatment of the experimental cultures. 

4j The background mutant f~e~uency (average frequency of the solvent 
and u11treated negativt' controls) is culculated separately for concurrent 
activation and nonacti va ~ -: on as~ ; ays, even though the same population 
of cells is used fo~ each assay. The activation negative controls 
contain the 59 activation mix a11d typically have a somewhat higher 
mutant frequency than t~e nonactivation negative controls. For both 
conditions, the normal ran~e of backgr,und frequencies for assays 
performed with different cell stocks is 5 x 10-6 to 50 x 10-6 . Assays 
with backg•~unds outside this y nge are not nec!ssarily invalid but 
will not be used as primary ~v .~tence for the evaluation of a test 
material. These assays can provide supporting evidence. 

B~ONETICS 



rn 
Utton 

5) A positive control is included with each as:;ay to provide confide1cce 
in the procedures used to detect mutagenic activity. The normal range 
of mutant frequencies induced by 0.5 ~1/ml EMS (nonactivation assay} 
is 300 to 800 x lo- 6 ; for 0.3 ~1/ml DMN (activation assay} the noMmal 
range is 200 to 800 x 10-6 • The concurrent background frequencies have 
been subtracted from these values. These ranges are broad primarily 
because the effective treatment with these agents is variable between 
assays. An assay will be acceptable in the absence of a positive 
control (loss due to contamination or technical error) only if the test 
material clearly shows mutagenic act1vity as described in the evaluation 
criteria. If the test material appears to have no or only weak muta
genic activity, an acceptable assay must have a positive control mutant 
frequency above the lower limits ~~the normal range. Assays in whfch 
the normal range is exceeded may require further interpretation by the 
study director. 

6) For test materials with little or no mutagenic activity, an assay 
must include applied concentrations that reduce the suspension growth 
to 5~~ to 10% of the average solvent control or reach the r.1aximum applied 
concentrations given in the evaluation criteria. Suspension growth 
is a ~ombined measure of cell death and reduced growth rates. A 5% 
relative suspension growth therefore could correspond to 90% killing 
followed by growth of the survivors at one-half the normal rate for 
one day and normal growth for the second day. At the other extreme, 
this condition could be obtained by no killing and complete inhibition 
of gr·owth for two days. A reasonab 1 e 1 imi t to testing for the presence 
of mutagenic action is about 80% to 90~ killing of cells. Because of 
the uncertainty n the actual lethality of treatment in the assay 
and the fact that mutant frequencies increase as a function of lethality, 
an acceptable as~ay for the lack of mutagenic activity must extend 
to the 5% to 10% relative suspension growth range. There is no 
maximum toxicity requirement for test materials which clearly show 
mutagenic activity. 

7) An experimental treatment that results in fewer than 2.5 x 106 

cells by the end of the two-day growth period will not be cloned for 
mutant analysis. 

&) An experimental mutant frequency will be considered a~ceptable for 
evaluation only if the relative cloning efficiency is 10% or greater 
and the total number of viable clones exceeds about 20. These limits 
avoid problems with the statistical distribution of scoreabje colonies 
among dishes and allows factors no larger than 10 in the adjustment 
of the observed number of mutant clones to a unit number of cells (106 ) 
able to form colonies. 
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S) ffiutant frequencies are nonnally derived from sets of three dishes 
for both the mutant colony count and the viable colony count. In 
order to allow fot contamination losses, an acceptable mutant fre-
quency can be calculated from a minimum of two dishes per set if the 
colony numbers in the two dishes differ by no more tt.an about 3-fold. 

10) The .nutant frequencies for five treated cultures are nonnally 
determined in each assay. A required numb£r of different concentrations 
cannot be explicitly stated, although a minimum of three analyzed 
cultures is considered necessary under the most favorable test conditions 
to accept a single assay for evaluation oi the test material. 

I 
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ASSAY EVALUATION CI"UTERY.J\ 

Mutation assays are initiated by exposing cell cultures to a rang2 
of concentrations of test material that is expected, on the basis 
of preliminary toxicity studies, to span the cellular responses of 
no observed toxicity to growth to complete lethality within 24 hours 
of treat~nt. Then five dose levels are usually selected for com
pletion of the mutation assay. The doses are selected to cover a 
range of toxicities tc growth with emphasis on the most toxic doses. 
An assay may need to be repeated with different concentrations in 
c:·der to properly evaluate a test material. 

The minimum condition considered necessary to demonstrate mutagenesis 
for any given treatment is a mutant frequency that exceeds 150% 
of the concurrent background frequency by at least 10 x 10-6 • The 
background freque~cy is defined as the average mutant frequency of 
the solvent and untreated negative controls. The minimum increase 
is based on extensive experience which indicates that assay variabil
ity increases with higher backgrounds and the calculated minimum 
increase as defined above is .often a repeatable result; statistical 
analysis for the confidence limits is not yet available. 

The observation of a mutant frequency that meets the minim~m criterion 
for a single tr,eated culture within a range of assayed concentrations 

· is not sufficirnt evidence to evaluate a test material as a mutagen. 
The following tes t results must be obtained to reach ·this conclusion 
for either activation or nonactivation conditions: 

• 

• 

• 

A dose-related or toxicity-related increase in mutant frequency 
should be observed. It is desirable to obtain this relation 
for at least three doses, but this depends on the concentration 
steps chosen for the assay and the toxicity at which mutagenic 
activity appears. 

An increase in mutant frequency ~ay be followed by only small 
or no further increases at higher c~ncentrations or toxicities. 
However, a decrease in mutant frequency to values below the 
minimum critel'ion is not acceptable in a single assay for 
classifying the test material as a mutagen. If the mutagenic 
activity at lower concentrations or toxicities was large, a 
repeat assay will be performed to confirm the mutagenic 
activity. 

If an increase of about two times the minimum criterion or 
greater is observed for a single dose ~ear the highest testable 
toxicity, as defined in the Assay Acceptance Criteria, the test 
material will be considered mutagenic. Smaller increases at a 
single dose near the highest testable toxicity will require 
confirmation by a repeat assay. 
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• For some test materials, the correlation between toxicity and 
applied co~centration is poor. The proportion of the applied 
material that effectively interacts w'ith the cells to cause 
genetic alterations is not always repeatable or under control. 
Converse'ly, measurabie changes in the frequency of induced 
mutants may occur with concentration char.ges that cause only 
small changes in observable toxicity. Therefore, either 
parameter, applied concentration or toxicity (percent relative 
growth), can be used to establish whether the mutagenic activity 
is related to an increase in effective treatment. A negative 
correlation with dose is acceptable only if a positive correla
tion with toxicity exists. An apparent increase in mutagenic 
activity as a function of decreasing toxicity is not acceptable 
evidence for mutagenicity. 

A test material will be evaluated as nonmutagenic in a single assay 
only if the minimum increase in mutant frequency is not observed for 
~ range of applied cJncentrations that extends to toxicity causing 
5% to 10% relative suspension growth. If the test material is 
relatively nontoxic, the maximum applied concentrations will normally 
be 10 mg/ml (or 10 ~1/ml} for water-soluble materials or 1 mg/ml 
(or 1 ~1/ml} for materials in organic solvents. If a repeat as~ay 
does not confirm an earlier, minimal response, as discussed above, 
the test material will be evaluated as nonmutagenic in this assay 
system. 

The ASSAY ACCEPTANCE AND EVALUATION CRITERIA are presented to acquaint 
the sponsor with the considerations used by the ~tudy director to 
determine assay validity and the mutagenic activity of the test 
material. This presentation may not encompass all test situations, 
and the study director may use other criteria, especially when data 
from several repeat assays are available, to arrive at a conclusion. 
The report will provide the reasoning involved when departures from 
the above descriptions occur. 
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Q. A. Inspection State111ent 
(reference 21 CFR 58.35(b)(7)) 

PROJECT cJo989 LBI Assay No._6/t231/ 

TYPE of STUDY Jlttud;._ /~~Mcf.. ~.~~r 

This final study report was reviewed by the LSI Quality 

Assurance Unit on 42~~q1#, /9~ . A report of findings was 

submitted to the Study Director and to Mana~ement o~ ~~'/, /j hJ 

The short-tenn nature· of this study p:o-ec1 uded inspection while 

it was in process. The Quality A~~~rance Unit ~nspects an in-process 

study of this type approximately onr.e per month to assure that no 

significant problems exist that are lik~ly to affect the integrity of 

this type of study. 

Auditor, Quality Assurance Unit 
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